The objective of optimal feeder reconfiguration of radial distribution system problem is to obtain the best set of branches to be opened, one each from each loop, such that the resulting radial distribution system has the desired performance. This paper presents a feeder reconfiguration problem in the presence of distributed generators to minimize the system power loss while satisfying operating constraints using Hyper Cube-Ant Colony Optimization (HC-ACO) algorithm. Loss Sensitivity analysis is used to identify optimal location for installation of DG units. Simulations are conducted on 33 -bus radial distribution system at four different cases to verify the efficacy of the proposed method with other recent published approaches reported in the literature. The result shows that the method proposed is fast and effective.
functions for objectives are not provided. A solution using a genetic algorithm (GA) [6] was presented to look for the minimum loss configuration in distribution system. A refined genetic algorithm (RGA) [7] was presented to reduce losses in the distribution system. In RGA, the conventional crossover and mutation schemes are refined by a competition mechanism. Harmony Search Algorithm (HSA) [8] was proposed to solve the network reconfiguration problem to get optimal switching combinations simultaneously in the network to minimize real power losses in the distribution network. Many methods are proposed for the best placement and sizes of DG units which is also a complex combinatorial optimization problem. An analytical method [9] was introduced to determine optimal location to place a DG in distribution system for power loss minimization. A Lagrangian based approach to determine optimal locations for placing DG in distribution systems considering economic limits and stability limits was presented by Rosehart and Nowicki [10] . A multi-objective algorithm using GA [11] was presented for sitting and sizing of DG in distribution system. Placement and penetration level of the DGs under the SMD framework was discussed by Agalgaonkar [12] .
This paper is to propose a 33-bus radial feeder reconfiguration technology based on the Hyper-Cube (HC) Framework Ant Colony Optimization (ACO) algorithm with DG to minimize system real power loss and bus voltage deviation in the distribution network without violating operation constraints and maintaining the radial structure. The HC-ACO algorithm is a useful evolutionary algorithm with strong global search ability. The characteristics of the HC-ACO algorithm include positive feedback, distributed computation and a constructive greedy heuristics. Positive feedback makes sure of a rapid search for a global solution; distributed computation avoids premature convergence, and constructive greedy heuristics help find acceptable solution as soon as possible. These properties are counterbalanced by the fact that, for some applications, the HC-ACO can outperform other heuristics.
The rest of the paper is organized as follows: In section II, modelling of power flow in radial distribution network is discussed. Modelling of DG units are given in section III. Sensitivity analysis for DG installation is given in section IV. In section V, the problem formulation is described. The Ant Colony Optimization is briefed in section VI. In section VII, application of Ant Colony Optimization in the Hyper-Cube (HC) Framework to solve problem is described. The test system, numerical results and discussion are presented in section VIII and Section IX, concludes this paper.
Modeling of power flow using backward and forward sweep method
In this paper, network topology based backward and forward sweep method [13] is used to find out the load flow solution for balanced radial distribution system. Conventional NR and Gauss Seidel (GS) methods may become inefficient in the analysis of distribution systems, due to the special features of distribution networks, i.e. radial structure, high R/X ratio and unbalanced loads, etc. These features make the distribution systems power flow computation different and somewhat difficult to analyze as compared to the transmission systems. Various methods are available to carry out the analysis of balanced and unbalanced radial distribution systems and can be divided into two categories. The first type of methods is utilized by proper modification of existing methods such as NR and GS methods. On the other hand, the second group of methods is based on backward and forward sweep processes using Kirchhoff's laws. Due to its low memory requirements, computational efficiency and robust convergence characteristic, backward and forward sweep based algorithms have gained the most popularity for distribution systems load flow analysis. The voltage magnitude and phase angle of the source should to be specified. Also the complex values of load demands at each node along the feeder should be given. Starting from the end of the feeder, the backward sweep calculates the line section currents and node voltages (by KCL and KVL) back to the source. The calculated voltage at the source is compared with its original specified value. If the error is beyond the limit the forward sweep is performed to update the node voltages along the feeder. In such a case, the specified source voltage and the line section currents already calculated in the previous backward sweep are used. The process keeps going back and forth until the voltage error at the source becomes within the limit. The shunt admittance at any bus to ground is not considered. It is assumed that the three-phase radial distribution network is balanced and can be represented by their equivalent single-line diagram. Figure 1 represents the electrical equivalent of a typical branch of a distribution system. 
A. Backward Sweep
By starting from the ending buses and moving backward to the slack bus (substation bus), the power flow through each branch is expressed by the following set of recursive equations: 
B. Forward Sweep:
By starting from the slack bus (substation bus) and moving forward to ending bus, the active and reactive power flows at the receiving end of branch ( P j and Q j )and the voltage magnitude at the receiving end ( V j ) are expressed by the following set of recursive equations:
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Hence, if the o V , o P , o Q at the first bus of the network are known, then the same quantities at the other nodes can be calculated by applying the above branch equations.
By applying the backward and forward update methods, we can get a power flow solution. The real power loss of the line section connecting between buses i and j is calculated as
The total real power loss of the all lines sections in n bus system ( P Loss T ,
) is calculated by adding up the losses of all line sections of the feeder, which is described as
Mathematical model of Distributed Generation Units
A distributed generation (DG) unit can be modeled as either a voltage-controlled bus (PV bus) or as a complex power injection (PQ bus) in the distribution system. If DGs have control over the voltage by regulating the excitation voltage (synchronous generator DGs) or if the control circuit of the converter is used to control P and V independently, then the DG unit may be modeled as a PV type. Other DGs, like induction generator -based units or converters used to control P and Q independently, are modeled as PQ types. The most commonly used DG model is the PQ model. In this work, the PQ-DG units are represented as a negative PQ load model delivering active and reactive power to a distribution system. This gives flexibility in modeling various types of DG. DG can be classified into four major types [14] based on their terminal characteristics in terms of active and reactive power delivering / consuming capability as follows:
• 
The present studies were considered with Type 1 DGs only. By considering the properties of these resources and in order to modeling them in the mentioned optimization problem, the injected active powers at bus i are modeled as follows: between i and j buses as given above.
The real power loss of the line section connecting between buses i and j is given by , ,
The loss sensitivity factor (LSF) can be defined with the equation
Using (11), LSFs are calculated from load flows and values are arranged in descending order for all buses of the given system. The LSFs decide the sequence in which buses are to be considered for DG unit installation. The size of DG unit at candidate bus is calculated using HC-ACO.
Problem Formulation
The objective function is a constrained optimization problem to find an optimal arrangement of feeder for the distribution system and DG placement in which the value of function ( ) f x is minimized.
A. Objective Function
The objective function ( ) f x consists of 2 goals: reducing the real power losses and improving the voltage profile in a given radial distribution system while satisfying all constraints for a fixed number of DGs and specific total capacity of the DGs.
A.1. Minimization of the real power losses (
The real power loss of the line section connecting buses i and j can be computed as
The total real power losses of the all lines sections is described as
A.2. Minimization of Voltage deviation or Improvement the voltage profile (
The objective function for minimization of voltage deviation is defined as
B. System Constraints The objective function is subjected to the following constraints: 
B.1. Power balance constraints
, , 1 1 n n SUB DG i Li T Loss i i P P P P = = + = + ∑ ∑(15)P P P i DG i DG i DG max , , min , ≤ ≤ (21)
General description of ant colony optimization algorithm
Ant Colony Optimization (ACO) is a recently proposed metaheuristic approach for solving hard combinatorial optimization problems. The inspiring source of ACO is the pheromone trail laying and following behavior of real ants which use pheromone as a communication medium. In analogy to the biological example, ACO is based on the indirect communication of a colony of sample agents, called artificial ants, mediated by artificial pheromone trails. The pheromone trails in ACO serve as distributed, numerical information which the ants use to probabilistically construct solutions to the problem being solved and which the ants adapt during the algorithm's execution to reflect their search experience [15, 16 &17] .
Artificial ants used in ACO are stochastic solution construction procedures that probabilistically build a solution by iteratively adding solution components to partial solution by taking into account (i) heuristic information on the problem instance being solved and (ii) artificial pheromone trails which change dynamically at run time to reflect the agents' acquired search experience [15, 16 &17] .
The concept of ACO is clear but the algorithm is not unique. The model of selection of a proper algorithm depends on the application. The proposed ACO algorithm that is introduced here is shown in the flow chart of figure 2. The following steps give explanations to the flow chart of figure 2. ( , ) i j η is the heuristic information of the problem ; α is a parameter represents the importance of pheromone ; β is a parameter represents the importance of heuristic. Update global pheromone using update rule (27) 
Where ( , ) i j τ Δ is the change in the pheromone; μ is the pheromone evaporation factor; Q is a constant between 1 and 10,000; K L is the best objective function solved by antk ; m is the number of states. 8) Repeat step 4 to step 6 continuously until satisfying the condition of abort iteration. 9) Up to abort iteration, the solution of minimum objective function in all local optimum solution is global optimum solution.
Application of ACO in the Hyper-Cube (HC) framework to solve the problem
The (HC) framework is a recently developed framework for the general ACO [18 & 19] . It is based on changing the pheromone update rules used in ACO algorithms so that the range of pheromone variation is limited to the interval [0-1], thus providing automatic scaling of the auxiliary fitness function used in the search process and resulting in a more robust and easier to 
B. Ants' Reconfiguration and Pheromone Updating:
In each iteration h, a reference configuration is set as the best configuration of the previous iteration such that . Finally, the pheromone updating rules are applied such that for all switches that belong to the best configuration, the pheromone values are updated using (29). Otherwise, the pheromone is updated using (30). 
C. Termination Criteria:
The solution process continues until maximum number of iterations is reached max h H = , or until no improvement of the objective function has been detected after specified number of iterations max x X = .
Test system description, simulation results and analysis A. Test system description:
The test system is a hypothetical three phase balanced 12.66KV 33-bus radial distribution system. The data for the different loops within the 33-bus radial distribution system is given in appendix 
B. Assumptions and constraints:
(1). Power flow calculation is performed using base S = 100MVA and base V =12.66KV. (2) . Three small distributed generators that operated at unity power factors i.e. inject (3). only pure real power are installed in to the system in case -3 & 4.. (4) . The bus at which load is connected is considered as the location for DG. (5) . The source bus is not considered as the location for DG placement. (6) . The limits of DG unit sizes for installation at system bus locations are assumed to be (7). 0 to 2 MW. (8) . Voltage at the primary bus of a substation is 1.0 p.u. (9) . The upper and lower limits of voltage for each bus are 1.05p.u. and 0.9 p.u., (10) . respectively. (11) . The maximum allowable number of the parallel DG is one, in each bus. (12) . The load model which is used in the simulations is uniform with constant power.
C. Simulation Results and Discussion:
The proposed method has been implemented by using Mat-lab programs and run on a personal computer with Pentium dual core processor having 1.86GHZ speed and 1GB RAM. To validate the effectiveness of the proposed algorithm, the HC -ACO algorithm has been implemented to 33-bus radial distribution system and simulation results are compared with other techniques as reported in the literature for real power loss objective function having four cases.
Case-1: The system is without distributed generators and feeder reconfiguration (Base case).
Case-2: The same as case-1 except that the feeder can be reconfigured by the available sectionalizing switches and the tie switches. Figure 4 , 5 , 6 and 7. The minimum bus voltage (MBV) of the initial configuration of the system for case-1 is that of bus 18 and is equal to 0.9052 p.u. In case-2, most of the bus voltage are improved after reconfiguration as shown in Figure 5 such that the MBV value is that of bus 32 equals to 0.9385 p.u. achieving 2.781% improvement than case-1(base case). In case-3, adding three number DG units with optimal placement and sizing to the base configuration of the system, all bus voltages are improved as shown in Figure 6 and the MBV value is improved to 0.9504p.u. achieving 4.084 % improvement than case-1(base case). After reconfiguration adding three number DG units with optimal placement and sizing (case-4) , most of the bus voltages are improved and the MBV value is improved by 4.654 % with respect to case-1(base case) as shown in Figure 7 . Table 4 . Comparison of Results in % with respect to Case -1 using HC-ACO The value of bus voltage angles at each bus for different cases is shown in Table II . The angle of the voltages at various buses in the system for different cases is shown in Figure 8 The results obtained through different cases taking power loss into account as objective function are shown in Table 3 and 4. As shown, reconfiguration of the system before the DG units are added (case-2) resulted in the final configuration [7, 14, 9, 32, 37] with total power loss of 136.30 KW. This amount to 32.74% reduction in losses than case-1. In case-3, inclusion of DG units in the base configuration of the system reduced the total power losses of case-1 by 52.46%. Reconfiguration of the network with the existence of DG units as in case-4 reduced power losses by 53.89% with respect to base case (case-1) .In Figure 12 , 13 and 14, the convergence characteristics of the aforementioned evolutionary algorithm for cases-2, 3 and 4 are depicted.
From Table 3 and 4, it is observed that improvement in power loss reduction and voltage profile for case-4 are higher when compared to other cases (1, 2 and 3). This indicates that DG installation after reconfigurations gives better results.
Candidate bus location by using sensitivity analysis and size of three numbers of DG units for case 3 and 4 are given in table 3. Now, the proposed HC-ACO is compared with other methods such as HSA [8] , GA [8] , RGA [8] . The results are shown in Table V. As can be seen from this table proposed method gives better results compared to other. 
Conclusion
In this paper, the HC-ACO algorithm is proposed to reduce distribution system losses. The validity of the results and effectiveness of HC-ACO is investigated by a 33 buses, 12.66KV radial distribution system. The merits of the HC-ACO is that it reached the optimum solution in a fewer iterations than the HSA since the HC-ACO is a constructive and greedy search approach that make use of positive feedback such as the gradient information of the objective function as well as pheromone trails and heuristic information that guide the search and lead to rapid discovery of good solutions. That is why requires less practice to reach the optimum solution while HSA is a random search that does not require any prior information to generate a solution vector and so needs a lot of practice to identify the solution space and to reach the optimum solution in a reasonable time. The Convergence characteristics of general ACO algorithm , the optimum solution is reached at higher iteration compared to only a fewer iterations for the HC-ACO algorithm .It is clear that implementing ACO algorithm in the Hyper-Cube (HC) framework comes with the benefit of scaling objective function value allowing rapid discovery of good solutions and fast optimum convergence. The computational results of the 33-bus system show that the HC-ACO method is better than the HSA one. From the results of this paper, it can be seen that DG has the improvement effects on loss reduction and can decrease the system bus voltage deviation. It can be observed that more loss reduction can be achieved by the HC-ACO comparing with the other methods when reconfiguration of the feeder is done with installing DG units. 
